The real-time dynamic simulation model of a 600MW lignite-fired pulverized boiler, which is a supercritical once-through boiler with fan mill three drying media direct fired system, was established. The step reduction of hot flue gas flow rate was simulated. The dynamic responses of live and reheat steam temperatures were obtained and analyzed. Results show that the response of steam temperature is an oscillation process. The superheat and reheat steam overtemperature values are influenced by the boiler load, the hot flue gas extracting percent and the inertia time of pulverizing system.
Introduction
Three drying media, i.e. hot flue gas from furnace outlet, cold flue gas from precipitators' outlet and hot air, are often used in lignite-fired pulverized boilers. The fluctuation of hot flue gas extracting flow rate has great influence on the operation safety of super-heaters and re-heaters [1] . When working at designed conditions, the boilers can get qualified coal powders with certain temperature and water content. However, due to variations of operating conditions, such as slagging of furnace smoke mouth, rupture of gas extracting pipeline and shut down of fan mill [2] , the hot flue gas extracting flow rate decreases abruptly and that of flue gas flowing through final super-heaters and re-heaters increases, leading to over temperature of live steam and reheat steam.
Model Development and Validation
* Corresponding author. Tel.: +86-029-82665741; fax: +86-029-82665741 E-mail address: yanjj@mail.xjtu.edu.cn GSE simulation software was utilized in this paper to realize the balance of plant system and real-time dynamic simulation. GSE incorporates a two-phase graphic modeling tool Jtopmeret and a simulation platform SimExec [3] . The Jtopmeret provides a two-phase dynamic solution based on the conservation principles of mass, momentum, and energy for each phase. The SimExec supports the development, documentation, real-time execution and testing of a complete simulator software package.
The analysis case is a 600MW supercritical lignite-fired pulverized boiler with fan mill three drying media direct fired system. At BMCR (boiler maximum continuous rating) load, it produces 1900 t/h live steam at 25.4 MPa and 571 . There is a single reheat with the outlet steam temperature 569 . A dualsection regenerative air pre-heater elevates cold air temperature to 354.4 using the heat of flue gas, which enters at 365 and leaves at 144.4 . Boiler efficiency is estimated as 92.10% (lower heat value basis). The composition of lignite is given in Table 1 . The lower heat value is 11.786 MJ/kg. Lignite contains significant amount of moisture, so pre-drying process is necessary before combustion. Fig.1(a) shows the flow diagram of the case boiler, and Fig.1(b) shows the corresponding nodalization of the steam-water system. The whole boiler thermal system model was tested in SimExec to check its fidelity. Simulation results at BMCR, THA and 75%THA loads were compared to reference data and the absolute relative errors of outlet temperature were less than 3%, which indicated that the developed model had high accuracy and reliability. 
Dynamic Simulation and Analysis
Based on the models and validations mentioned above, dynamic simulations under certain circumstances were implemented. The following general assumptions are made: 1) The exhaust temperature at mill out keeps constant, 150 ; 2) The combustion efficiency of pulverized coal keeps constant; 3) The variation of feed water temperature is not considered.
The dynamic responses of steam temperature at BMCR load are shown in Fig.2 . The inertia time of pulverizing system (K f ) is 140s. The hot flue gas extracting percent (defined as the ratio of the practical extracting flow rate to designed value, K hg ) steps from 100% to 90%, 80%, 70%, 60% and 50%. The dynamic response of steam temperature is an oscillation process. Fig.4 shows the influence of inertia time on the response of live and reheat steam temperatures. The inertia time of pulverizing system (K f ) may be variable due to different unit capacities, operation and maintenance levels. Therefore, the values of K f are taken as 140s, 280s and 420s [4] .The boiler is working at BMCR load and hot flue gas extracting percent K hg steps from 100% to 50%. With the increase in K f , the dynamic response time and steam overtemperature value increase. 
Conclusions
GSE simulation software was used in the dynamic modelling of a 600MW lignite-fired supercritical pulverized boiler. The model was tested at BMCR, THA and 75% THA loads with absolute relative errors less than 3%. The step reduction of hot flue gas flow rate will lead serious overtemperature of steam. Dynamic simulations show that the responses of steam temperature are almost similar at different loads. The hot flue gas extracting percent and the inertia time of the pulverizing system has great influence on the response time and overtemperature value.
